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FOREWORD
T HE investigation, results of which are described here, was madepossible by the foresight and practical business sense of H,enry E.
Hardtner, who fenced this area in 1914 and has since protected it from
fire, for the purpose of demonstrating the possibility of commercialre-
forestation from natural seeding, and who, since 1917, has cooperated with
the Yale School of F'orestry in affording an opportunity to conduct the
field work of th~ spring term upon the holdings of the Urania Lumber
Company in LaSalle Parish, Louisiana.

FACTORS DETERMINING NATURAL
REPRODUCTION OF LONGLEAF PINE
ON CUT-OVER LANDS IN
:LASALLE PARISH, LOUISIANA
BY HERMAN H. CHAPMAN
IMPORTANCE OF THE PROBLEM
T HE original ' pine forests, of the southern states covered from 1,2 .5 to. 130 million acres of land, about two-thirds of which was Longleaf
pine. Four-fifths of this area had been cut over by 1920, leaving about
230 million acres, one-half of which is Longleaf pine. Of the cut-over
lands, 31 million acres have not restocked. The Longleaf pine has thus
been the principal tree crop on about 85 million acres of land, of which
11% million acres remained' in 1920, giving a cut-over area of nearly 73
million acres, or 114,062 square miles. This area is nearly half the size
of the National Forests and the potential annual yield will probably
equal, if not exceed, the total possible growth on all the National For-
ests in ~he United States proper. It is now generally conceded in the
South that the greater portion of this area is not adapted to agricultural
use. If permitted to remain unproductive, this e:,trea, equivalent to 33 per
cent of eight southern states, is a permanent menace to the prosperity of
the region.
CHOICE OF SPECIES
The utilization of this vast area for the production of the only crop
for which much of it is suitable, namely, coniferous timber, raises the
question of choice of species to grow on these cut-over lands. The plant-
ing of Slash pine, Pinus caribeaJ or of Loblolly pine, P. ttedaJ has been ad-
vocated for lands which never in the past produced either of these species
but were instead 'occupied by a pure forest of Longleaf pine. The pla,.n
proposed is to clear-cut these forests and substitute the above species by
raising seedlings in a , nursery and setting them out on the lands thus
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denuded of their natural forest cover. The arguments advanced are: the
greater facility with which the seedlings of these other pines can be raised,
and the more rapid growth of these species. But there is great danger in
thus trying 'to work against indications so clearly shown that in the struggle
between these species the Longleaf pine is the natural survivor on such
sites. The other pines might survive and even grow much faster as indi-
viduals as far as the soil is concerned. But as a forest they would be ex-
posed ' to conditions abnormal to them. The Loblolly pine, if grown in a
stand dense enough to secure good pruning of the bole, will be exposed to
a ,dearth of ,soil moisture to which the species is not accustomed and which
'may cause stagnation, as is seen in certain old-field stands. In the end the
Loblolly pine may require just as much space and not develop much, if
any, faster than the Longleaf pine.
The Slash pine has no resistance to fire in its seedling stage. Surface
fires are the overwhelming hazard in all true Longleaf pine regions. Long-
leaf piI).e thrives and distances its competitors only on 'soils the surface of
which dries out readily and which would burn over annually or even
twice a year if fired. On these sites the broom sedge is the characteristic
ground cover, even ' scrub oak being absent on the poorer, more typical,
Longleaf areas. These grasses when dry in the fall and ' spring burn
fiercely and, because they are unpalatable after frost hits them, the na-
tives have formed a habit of touching them off to improve the spring
grazing by removing the last year's stalks. Fire also keeps down the en-
croachment of brush, kills ticks, and destroys the cover for "varmints."
To overcome the combination of this extreme physical and moral hazard
is going ,to take a great effort. Longleaf pine lands can probably never be
rendered absolutely safe from fire. In the face of this hazarq th~ substi-
tution of species of much less fire resistance is 'not good busine~s, if there
is any way of providing a safer investment. Due to its low fire resistance,
the 'Slash ,pine is not found growing naturally anywhere except on lands
which remain wet for a large portion of the year. By contrast, the Long-
leaf pine seedling is extremely fire resistant and has evidently developed
its peculiar form and habits of growth largely in its struggle to sur:vive
these very fires. 'For a period of almost five years !hese seedlings do not
make any height growth, but increase the diameter of the stem and thick-
ness of bark. After two years 'light spring fires may sweep over them burn-
ing all their foliage with no effect but to slow down the subsequent new
growth of the year. This defoliation may occpr annually in spring, and
still there will be survival. After ten years tram seed when the saplings
8
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have attained a height of ten feet or more, even the most severe fall fire
fails to kill these young trees, although standing beside them Loblolly,
Shortleaf, and Slash pine of the same age .and from two to three times
their diameter may be killed by the same fire. Hence if any species but
Longleaf pine is attempted on lands which once grew this tree exclusively,
there is a fire hazard which so greatly exceeds that for Longleaf pine that
in the long run the latter species would probably prove by far the more
profitable to grow.
ME'THOD OF REFORESTATION
This being the case, the next question is whether Longleaf pine can
best be reproduced by cutting clean and replanting with seedlings' raised
in a nursery, which is now the only remaining possibility, short of direct
seeding, on a very large proportion . of the cut-over lands, or whether
natural reproduction from seed should be attempted, wherever oppor-
tunities for such practice still exist, as in the remaining virgin timber or
on lands which were cut at an early day and have a scattering stand of
surviving trees, which were then considered worthless, and have not yet
been cut by small portable mills. This bulletin will confine itself to the
discussion of such natural seeding.
REPRODUCTION FROM SEED TREES, INVESTIGATION
The investigation, 'preliminary results of which are shown here, · was
undertaken in order to find out how Longleaf pine could be reproduced
from seed ,distributed by the wind from seed trees left on the area for
that purpose, and to discover .what became of this seed and of the seed-
lings which ~stablished themselves. As a result it was hoped that the con-
ditions favoring the success of such reproduction might be learned and
the measures -needed to insure this suCcess thus determined.
For this experiment an area was chosen located on the holdings of the
Urania Lumber Company in LaSalle Parish, Louisiana, near the northern
edge of the Longleaf pine belt, where competition occurs between Long...
leaf and Loblolly pine and where Blackjack oak, Quercus ?narylandica} and
even better species come in on the richer soils, thus giving a range of con-
ditions varying from typical Longleaf sites extremely subject to drought
and fire to better soils co~taining more moisture and favoring Loblolly
pine and Spanish oak, Quercus digitata.
9
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SOIL TYPES
The typical Longleaf pine site was representative of the Montrose soil
series, and showed a silt loam soil for the first 4 inches, light grayish,
smooth, and friable, with brownish-yellow silt loam from 4 to 14 inches,
underlaid by a yellow heavy silt loam with limonite yellow concretions to
24 inches, grading into a dull yellow, friable, silty clay with the same li-
monite yellow concretions, grayish mottling appearing at greater depths.
The typical Loblolly pine and hardwood site, though formerly occupied
by Longleaf pine on this area, was of the Myatt soil series and showed a
brownish, drabbish, gray, heavy silt loam for 3 inches, then for 3 t,o 14
inches a mottled gray or drab, grayish-brown, heavy silt loam specked
with limonite yellow, below which it became a friable, silty clay loam of
mottled gray or bro'\vnish-yellow. Both types, due to friable subsoils, are
adapted to pine, but the Myatt soil, by its location or horizon, lying at a
lower level and flatter, is more poorly drained but better supplied with
moisture and the surface soil does not dry out so quickly as on the Mon-
trose .type.*
All data were separated on the basis of these two soil types, which coin-
cided with marked differences in reproduction and indicated!h:~l~ only
upon .,th~ , Montrose or..,dry soil t~peS~?~l~.,~~~~~:~.~. l(in~!?~J~E?~iMa
cd'm;~~ti~""''''~ ~t;;~~w"""",,,,:~;,,,:,,,:,,,:<o,,,,,,,,:,,,:%,,,~,,,,,,,,,;'''''M~,'',''~W8;-:''''''' '·:«'';-:·'X·X-:·'X:'''';'<';:<'' ;';'':.:'''..:,.',.:w· ·:·,.· :'.: .':.' '.:' ' ' :: ..: , " ." ." "':'" W'·.· .., / .; :'. '.
CONDITION OF AREA AS TO SEED TREES
This land had been logged in 1904, at which time the only trees left
s~anding were those considered to have too little value to pay for their
removal.
On an area of 91.8 acres laid out in four strips, 400 feet wide and ;4
mile apart, . the stand which had survived until 1917, or 13 years after
cutting, was 1,034 trees 9 inches and over in diameter or 11.26 trees per
acre, all of which, with the exception of a very few punky veterans, were
in 1904 trees with small tops, slender, deformed, short, crooked, or in
other ways unmerchantable. No effort or thought had been put upon selec-
tion of trees for seed production by the original loggers, but there hap~
pened to be a sufficient n~mber of these undesirable trees in this stand
so that very good and well-distributed stocking was secured of trees
which eventually developed into seed bearers.
* Soil descriptions by A. G. Anderson, U.S. Bureau of Soils, May 19, 1924.
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LOSSES OF SEED TREES
When trees are thus left exposed to the wind, the danger from windfall
is greatly increased. No record could be obtained for this stand over the
first 13 years to show losses but for the last 8 years only 29 trees hav~.
been killed from all causes, or but 2.83 per cent of the total, a loss at,
% of I per cent per year. Bark-boring beetles have caused most of this
loss, taking out a few trees annually. The loss from windfall ,has been 1
negligible. In the absence of tornadoes, and by 'selecting windfirm indi-
viduals, no appreciable loss of seed trees for this species from wind throw
need be feared.
GROWTH OF SEED TREES
The average size of the trees that were left at time of logging was 10
inches at breast high, 4~ feet from the ground. These trees would prob-
ably have cut 2 sixteen-foot logs to a top diameter of 6 inches, and
would scale, by the customary Doyle Rule, 20 board feet. For I I trees,
220 board feet per acre was left in the trees. On the basis of actual sawed
contents by present standards these trees contained an average of 7 I
board feet or 783 board feet per -acre. After twenty years or in 1924 the
growth of these trees was measured with the Swedish increment borer.
The date of cutting being known, the growth put on previous to and .after
logging was separated. In practically every instance the growth had in-
creased beginning with the year after logging; that is, the response to the
changed conditions had been immediate. As the Longleaf stand is quite
open and all the .surviving trees get considerable light, this prompt in-
crease indicates that in this species the struggle for soil moisture is
probably the important element in cOlnpetition.
Measurements were taken for growth on 400 trees, -including all the
trees as they came, good and poor. The resultant growth figures are
therefore a very conservative average, for without exception the trees
with good crowns grew ,at a more rapid rate than those with poor, espe-
cially with short, crowns. The average tree of 10 inches grew in twenty
years to the diam~ter of 14 inches and contained 194 board feet as against
71 board feet, mill tally, to begin with. This is a growth of 174 per cent
or 8.7 per cent per year by simple . interest, equalling a little over 5 per
cent compound increase in volume for the entire period. There is now a
stand of 2000 board feet per acre, mill cut, on this area from trees ' which
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The total seed production on 91.8 acres from all seed-producing trees
was 10,875,725 seeds. It was assumed that 7,500 seeds equal I pound. The
seed production on this basis was 1,450 pounds, or 15.8 pounds per acre,
from 81 I seed-bearing Longleaf trees, or 1.78 pounds per tree, for the
sum of the two crops. The seed per acre was I 18,471. This was the basis
for the crop of seedlings which was to germinate in the seasons of 1920-2 I.
ESTABLISHMENT OF SEEDLINGS
Two questions now arise, namely, how much seed is needed to restock
an ' area with Longleaf pine, and how many trees of what character are
needed to produce this crop? The first question can be answered by find-
ing out what happens to the seed and to the seedlings and by determining
from these facts asafe quantity of seed to secure full stocking. The second
can be answered from the individual tree records of seed production
correlated with the characteristics of the seed trees and with 'the ·per cent
of mortality to be expected., as shown by the first study.
PLOT RECORDS AND CLASSIFICATION
Plots, 21 feet square, were located in 1917 at 2oo-foot intervals along
the center of each 400-foot ,strip, each plot containing .01012 acres, called
,i0 0 acre. Stakes were driven at the four corners and one at .the center
rparked with the plot number. On these plots beginning in 1921 annually
in Maya complete record was made for five successive years of the number
of seedlings of Longleaf, Loblolly, and Shortleaf pines, and of .the hard-
wood species, and the character and density of brush and of grasses. The
one-year and two-year old seedlings were separated from older ones. In
this way, the number of seeds which after germination were able to take
root and establish the seedling was found on regularly distributed sample
areas, which could be reduced to a per acre basis.
The seed of the Longleaf pine is shed in late fall and germinates
within a' short time, during the fall rains. It quickly loses its vitality and
if on germination the radicle is obstructed in its effort to penetrate the
soil, the germinating seedling dies. Fire burns off the litter and dead grass
sad and exposes the mineral soil. On a typical Longleaf pine site the
ground cover ·is mostly broom sedge, with carpet Igrass taking its place
where fire is kept ·out and grazing . is heavy, while on .the heavier soil a
quicker invasion of brush occurs, and hardwood leaves form the litter.
Excessive surface moisture during the wipter often occurs on such a site,
which rots the seed.
IS
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To determine survival, the plots were separated into Myatt and Mon-
trose sites. The Myatt was divided into hardwood plots and Loblolly plots.
The Montrose was divided into plots which had been burned in 1920 be-
fore the seed fell, and unburned plots, and these latter into hardwood
plots and those without hardwoods.
PERCENTAGE OF SEED ESTABLISHED AS SEEDLINGS
Although the total production of seed had been secured on a strip ex-
tending 200 feet north and an equal · distance south of each plot, it was
not known how ·many seeds fell on anyone plot. The percentage of estab-
lishment was therefore obtained by computing this seed supply for the
plot as being in proportion to the area supplying it; e.g., if the area of
supply was I acre, the plot being 7'100 acre, it was assumed that *00 of
the seed on the supply area fell on the plot. This of course would not be
safe for anyone plot, since the plot supply depended to a large extent on
the nearness and direction of the seed-bearing trees and the direction of
the wind.
Since the plots were spaced 200 feet apart, and division of the strip be-
tween them would give to each a rectangle 200 by 400 feet in size, or
1.8365 acres, the method of determining this per cent of establishment
was as follows.
The per cent was obtained first for each separate plot, computed as
00.545 per cent of 1.8365 acres. Then the seed supply for the trees stand-
ing on a circular area of I 18 feet radius with the plot as a center w£:ts
totaled .and I per cent of this taken. Finally a circular half acre of 85
foot radius was laid off in the same way and 2 per cent of the seeds taken.
The mapping of each seed tree made these checks possible. The number of
established seedlings was then divided by each of these three adj usted
seed counts respectively to obtain the per cents of germination. In this
way it was hoped that variation caused by spacing of seed trees would be
averaged.
To get the per cent for all plots in the class, two methods were used.
First, a weighted average percent was obtained for each method sepa-
rately by totaling all the seeds which fell on the plots and all the seedlings
for the entire group of plots. Second, the separate per cents for each plot
were averaged directly. Finally, the two resulting per cents by these two
methods were averaged. This was considered a better basis than to ad-
here solely to the weighted average, as it gave more weight to area.
The results of the final average were as follo\vs.
16
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EFFECT OF SURFACE COVER ON ESTABLISHMENT
The facts shown by this table are fundamental. The outstanding fact
is that by preparing the surface for the natural sowing of the seed by
burning off the litter, the per cent of establishment of seedlings is in-
creased fivefold or from 4.77 to 19.25 on similar sites and when other
conditions are identicaL This burning .shouldbe done preferably in the
spring preceding the fall of the seed. The cones by this time are in evi-
dence and indicate the coming crop of seed. The accumulation of grass
during this summer is not sufficient to interfere with fall germination and
is favorable to survival as it protects the seedling during the next summer
from death by excessive insolation to which Longleaf seedlings are SUl:>-
ject on bare ground. Such treatment reduces the amount of seed required
for a given number of seedlings to one-fifth of the quantity needed on un-
burned soil, and with it the number of seed trees required to produce this
seed. If litter and dead tangled ·grass become very thick no amount of
seed would be sufficient to secure satisfactory reproduction. Hence the
burning or removal of the litter and dead grass may be considered abso-
lutely indispensable in securing reproduction of this species.J and the seed
supply needed should be based on this preparation of the soil. Grazing
partially accomplishes this same result, and on areas grazed so clo$~ly "
that carpet grass has driven out the broom sedge,reproduction of .Long~
leaf is secured in a seed year.
Comparing the unburned Montro'se site \vith the Myatt type as a whole,
the ratio is as 4.77 to 2.02 or more than two and one-half times as large a
percentage of germination on the Longleaf type of soil. This is due to tWo
factors, difference in surface cover and moisture. The hardwood (;oyer and
leaf litter reduce the per cent to 1.61 as compared with 2.42, or but two-
thirds as great a percentage as sites growing Loblolly pine.
litter on the Longleaf site, when it does occur, has the same effect, as
by the two plots with but 1. I 2 per cent on this site.
In general the reproduction of Longleaf pine oJ} the Myatt soil has
unsatisfactory. Two per cent is not a sufficient establishru*,pt.
would increase this per cent and if persisted in would establisll the
leaf pine, as shown by the fact that this was the original species oyer a
large portion of the area sampled. But this would mean the extermination
of the Loblolly pine, which, with fire protection, comes in naturally OIl
these soils froln seed trees adjoining and grows much faster than Long-
leaf in both height and diameter, making a more profitable tree.The~e
18
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seedlings had passed their second season they were grouped as follows
without regard to age:
I~Under 6 inches in height.
2. 6 inches to 2 feet high.
3. 2 to 4 feet high.
4. Over 4 feet in height.
Similar data were taken for the competing pines and hardwoods.
F"ACTORS IN:FLUENCING SURVIVAL
FIRE
No fires burned any portion of the area subsequent to the first of the
annual counts in 1921, but on an adjoining experiment, laid out in 1924,
a fire in September of that year burned with great severity, killing practi-
cally every seedling under 8 to 10 feet high with the exception of 14.6
per cent of the seedlings .which had not yet started to make any height
growth and were 3 to S years old. The survivors in this class sent forth
feeble sprouts and may come through. The original stand on these plots
was.9JSOO per acre, and the survivors numbered 1,387 per acre. Saplings
8to 10 feet high or over originated in 1914 and were 10 years old..These
trees survived with trivial loss. There had been no fire on this area since
~9I7 but cattle had grazed it annually for about 6 weeks, not closely. A
heavy accumulation of dead grass existed, and the fire was hot and fast~
Such fall fires are fatal to seedlings with the above exceptions.
In the spring of 1920 a fire burning in February a~most completely de-
foliated a dense stand of seedlings of the 1914 stock when they were 6
years old and from I to 3 feet high. Hungry cows then nipped off many
of the terminal shoots of the new growth. These seedlings completely re-
covered from both these injuries and to-day form a beautiful stand 10
to 14 feet high. Such spring fires do not have the fatal effect of a fall fire.
Other experiments in the vicinity show that annual spring fires retard
height growth and ultimately kill a large per cent of the seedlings but
that a few may survive eventually. Unburned seedlings grow much more
rapidly, hence reach ultimate fire resistant sizes sooner.
GRAZING
Goats persistently browse on the terminal shoots of the seedling in the
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BRUSH
The above loss includes death due to competition of brush, hardwoods,
and pines. The latter factors exert little influence on the Montrose plots.
Brush on this type is of the sweet fern variety chiefly, and prevents the
establishment of seedlings on the area which it occupies, by creating an
unfavorable soil cover or seed bed. The seedlings which become estab-
lished under brush ar~ inclined to be held back and may meet the fate of
suppression. For the most part there is not a sufficient percentage of the
area covered by this brush to interfere with full stocking from seedlings
established in the openings.
TREE SPECIES
Either hardwood sprouts and to a lesser extent seedlings, or .Loblolly
pine and to a lesser extent Shortleaf, will, in the absence of fire and on
soil at all favorable for their development, completely suppress Longleaf
seedlings, causing them eventually to die unless forcibly released qy fire or
cutting. This is due primarily to competition for light, but is supplemented
by struggle for soil moisture, the more rapidly growing Loblolly, for in-
stance, developing a large competitive root system. ,
Given an even start on these favorable sites, both the competing pines
and the hardwoods have the advantage of a five-year period of unre-
stricted height grow~h, and by the time the Longleaf pine would nor-
mally begin its growth in height this competing vegetation is anywhere
from 5 to 15 feet tall. What happens is that the Longleaf seedling often
never begins its height growth under such shade, and when it does so, the
rate is exceedingly slow and wholly dependent on the amount of light
which reaches it through breaks in the crown cover. The five-year records
have already indicated that Longleaf pine seedlings in a hardwood thicket
die for ·the most part without beginning their height growth, and that
under pure Loblolly pine, such as is ,f'lound in old fields, they may grow
slowly for 10 years or more, finally succumbing in a year of exceptional
drought.
This indicates that on Myatt soil, where such competition is especially
active, the unfavorable initial condition of seed bed and seed supply are
intensified by this competition to such a degree that it can be definitely
stated that .only by destroying repeatedly all hardwoods and Loblolly pine
growth by severe fires will Longleaf pine ever renew itself in this environ-
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of these seed trees a new crop of seedlings should be established beneath
them by taking advantage of a seed year. Seed trees must of course be re-
.tained until the reproduction of Longleaf pine has reached the size of
immunity from fire, or for at least 10 years, after which they may be
removed with safety and with small damage to the young stand.
DISEASE
'The young seedling up to the height of 3 to 5 feet is subject to the at-
tack of a leaf rust, Septoria pin,i. This disease appeared in 192I, attacking
the foliage which had until that year been practically free from it as shown
by the ,retention of the needles in a green condition over the third season
of growth. The usual course of the disease as observed for four years is a
prompt'defoliation of the new growth, successively, for three years~ This
weakens the tree more rapidly than does a spring fire, for in the latter
case the needles remain during the growing season. In the third year the
seedling dies. The noticeable losses are to the trees which have begun to
grow in height, lifting their foliage clear of the ground. The disease at-
tacks thrifty seedlings as readily as enfeebled ones and kills them just as
quickly.
The factors which appeared to control the virulence of this disease are
atmospheric moisture and sunlight. It does not flourish on shaded speci-
mens, nor does it seem to kill the pines which are still in the grass. On
the other hand it will not survive on foliage at too great a distance from
the ground, where action of wind and sun keep it drier. It was deduced
from these phenomena that the disease flourished only in wet seasons.
This impression was confirmed by the complete cessation of its ravages in
1924 in a season when practically no rain fell from June to December.
On typical Longleaf ' soils fire has probably kept this disease in check
by destroying the spores over such wide areas that it came back rather
gradually. Vigorous growth until the seedling has reached 3 to 5 feet in
height" if such growth takes place in dry years or on territory not infected
with the spores during the three years or more required, will pull the
stand ' through this danger.
All the 1914 seedlings escaped this attack as they were past the, danger
period by 192 I. The later seedlings of 1917 suffered heavily, and similar
losses ,may be looked for if a wet cycle coincides with this critical period
of growth on unburned areas. In all, the death of 110 seedlings by this
disease was recorded on the 50 plots, but the distribution of this mor-
tality is significant, bearing out the conclusions above discussed.
26
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.leaf seedling starts and as a disinfectant against the leaf rust, and that if
competition again becomes serious or the disease threatens the .pines, the
area should be burned again in the spring about three years afterwards.
Annual fires will raise havoc, first, by killing the recently established seed-
lings and two-year olds; second, by slo,ving down the gro"vth and killing
out too many trees.
Seedlings are also comparatively safe from hogs after ten years. The
juvenile period is five years~ and the subsequent period before immunity
is reached is five years.
QUANTITY OF SEED REQUIRED FOR A FULL STOCKING
As a starting point in arriving at the quantity of seed which should be
produced per acre for a full stocking, reference was had to a preliminary
yield table for second growth fully stocked Longleaf pine, issued by the
U.S. Forest Service, which indicates that at 15 years of age there should
be 550 trees. Plotting a curve of the numbers at greater ages, e.g., at 20
years, 450, and at 25 years, 393, and extending this back to 10 years the
number 750 per acre is indicated. Hence if 1,000 trees, or 10 per ~'1oo
acre, are secured at 10 years the stocking is ample. The actual stocking
at present on the Montrose site is, for all plots, 10.4 trees of over 6 inches
height, of '\ivhich 6.6 trees are over 2 feet high, with 31.5 additional trees
per plot, under 6 inches in height. Several portions of this area are in-
sufficiently stocked. On the part which contains a satisfactory stand, the
four typical plots lying within this portion contain an average of 16.5
seedlings per plot, over 2 feet high and well established, or 1,650 trees .
per acre, of which 1,375 exceed 4 feet in height and 1,000 will without
reasonable doubt reach 10 feet and 10 years of age. The average for all
25 plots on the Montrose site gives 656 trees over 2 feet high, equivalent
to 39.7 per cent of the better stocked areas, with 352 additional trees per
plot between 6 inches and 2 feet in height against 375 trees of this size on
the better stocked plots.
All of the trees 6 inches and over in height were established either in
1914 or in the half crop year of 1917, as the 1920-21 seedlings have not
had time to begin their height growth. The average stand of 656 + 352
or a total of 1,008 seedlings per acre was thus obtained from seed crops
preceding the ones measured.
The most reliable basis for determining the number of seed required
to produce a full stocking is found on the 10 plots on Montrose soil which
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were burned over in 1920. The seed borne on the areas tributary to these
plots was 192,322 or 25.64 pounds per acre. The seedlings established
numbered 38,045, giving a true weighted average establishment per cent
of 19.78. (The per cent derived by combining the plot per cents was
I9.25~) This seed production was greater by 8.61 pounds per acre than
the average for the type.
Due largely to the 54 per cent loss by overgrazing, this stand by 192 5
has shrunk to 5,920 seedlings. From the appearance of the plots on this
area it was evident that a stocking of 5,000 seedlings per acre, 3 to 4 years
after the seed crop, is abundant, and that given requiSIte protection this
can be secured on a burned surface by half the amount of seed which
actually fell on this area, which would thus require 96,000 seeds per acre,
equal to 12.8 lbs. at 7,500 seeds per lb. The elimination of the loss by
overgrazing would in itself have accounted for this difference. The number
and character of seed trees required for full stocking will therefore be
based on this quantity of seed production.
CHARACTER AND NUMBER OF SEED TREES REQUIRED FOR
FULL ·STOCKING
On much of this area the trees had been left in groups with one or two
large patches ·of young timber. To determine the capacity of individual
seed trees for seed production it was necessary to confine the study to
trees which had been released by cutting and whose crop could be sepa-
rately determined. Records were obtained on a total of 445 single trees.
These trees produced 7,123,515 seeds or 950 pounds of seed, equivalent
to 2-.13 lbs. per tree.
Leaving only the cull trees around 10 inches for seed production is
poor practice, for such trees are not efficient. They develop slowly as seed
bearers and may have very poor crowns. To detennine the best type of
seed tree to leave, the individual seed tree records were classified and
the following facts brought ont. In every case where two or more trees
stood close together, the seed production for trees of identical size and
crown capacity dropped so far that a single isolated tree of this size
would yield practically as much seed as the two together. Therefore to
reduce the required number of seed trees to .lowest proportions, trees must
be left singly and fully exposed on all sides, that is, free from all root
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bore the largest quantity of seeds per tree. Based on 48 trees, it was
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of seed













Fig. 1. Typical Longleaf pine near Jelia, LaSalle Parish, La., previous to cutting.




Fig. 5. Shortleaf pine sapling, 10 years old, killed by fall
fire. Longleaf pine sapling of same age in center has ·survived.
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Fig. 6. Typical hardwood sprouts 10 to IS years old, which
have completely suppressed Longleaf pine, preventing height
growth. A Longleaf pi ne seedling 10 years old shown in fore-
ground, \vhich normally should be 10 feet high.
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Fig. 7. Typical Loblolly pine site and stand, 10 years old,
with some hard..;,voods in mixture. Longleaf seedlings com-
pletely suppressed and mostly dead. The oaksho\vn is about
18 years old, not having been killed by fires occurring previ-
ous to I 914~
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Fig. 8. Longleaf pines developing normally in large open-
ing on lYIyatt soil with Loblolly pines in background. Both
.species loyearsold.
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Fig. 9. Opening caused by root competition of a seed tree, in otherwise fully stocked
Longleaf pine reproduction. A single Shortleaf pine seedling- has cOme up ,in this opening.
Young stand is I I years old.
Fig. 10. Old-field Loblolly pine, 10 years old, with Longleaf pine of same age making a
slight height growth. Its only chance of survival is in openings or by removal of the Loblolly
. pines.
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Fig. 12. Eight-year old .Longleaf seedlings, crop of 19 17, on land not burned since 19 I 4·
Sparsely stocked as result of grass competition and low per ·cent of establishment (about 5
per cent).
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